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No. XXVIII.—THE PETROLOGY OP THE AUCHINEDEN DISTRICT, 1 

KILPATRICK HILLS. By G. W . TYRRELL, A . R . C . S C , 

Assistant in Geology, Glasgow University. 

[Read 13th May, 1909.] 

THE general geology of this district has been described in the 
foregoing paper. The igneous petrology will now be described. 
The rocks will be taken in the following order: — 

I. Fragmental rocks of the vents. 
II. The intrusions in the vents. 

III. The lavas of Auchineden Hill. 
IV. The E.-W. dyke. 

I. FRAGMENTAL ROCKS OP THE VENTS. 

These vary from coarse, pebbly agglomerates composed of 
fragments of lavas and sandstones to fine-grained grey, green, 
purplish, or red-coloured tuffs. It will be sufficient as a typical 
example to describe the material filling the Little Caldon neck. 
This is a medium-grained variety which in thin section is 
seen to consist of fragments of porphyritic olivine basalt 
lava, large detached crystals of serpentinised olivine, 
and abundant detrital quartz, mostly well rounded, but 
occasionally angular and subangular. There are also a 
few broken crystals of fresh orthoclase. Both the latter con
stituents are obviously derived from the adjacent sandstones. 
In another slide of the same rock occur fragments of yellow, 
partially hornfelsed shale, and pieces of another type of lava, 
very fine grained and porphyritic with felspar, not olivine. 

A thin section of a tuff from the Knockvadie neck shows a 
compact groundmass of magnetite, containing scattered laths 
of plagioclase, numerous rounded areas filled with calcite, and 
occasional grains of quartz derived from the adjacent 
sandstones. 

1 This work has been done with the aid of a Research Grant from the 
Carnegie Trust for the Universit ies of Scotland. 
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II. THE INTRUSIONS IN THE VENTS. 

Few of the vents are composed entirely of ash. The majority 
have been invaded by irregular basaltic intrusions. Some of 
the vents contain no fragmental material at all, but are sealed 
by a plug or boss of basalt. 

Petrologically these intrusions are very uniform in type. 
They are all olivine basalts, usually compact and fresh, rarely 
porphyritic. Megascopically they are compact black or bluish 
rocks, lustrous on a freshly fractured surface, with an occa
sional small phenocryst of olivine and felspar. They weather 
sometimes rather deeply with a buff or pinkish crust. This, 
together with the fact that the felspars of the groundmass 
frequently have a fluidal arrangement, has led to these rocks 
being described as trachytes and andesites by some observers. 
When weathered in this fashion the fractured surface has a 
greasy or resinous lustre. The specific gravity of the fresh 
rock varies from 2*80 to 2*895. Microscopically these rocks are 
composed of a groundmass of plagioclase, augite, and magne
tite, with more or less abundant small phenocrysts of olivine 
and plagioclase, never augite. The structure is generally 
ophitic, less frequently intersertal. The rocks of the different 
vents, although answering to the above general description, 
have each some slight peculiarities, which are described in the 
following paragraphs: — 

Knockvadie Intrusion.—Fresh material is easily obtainable 
in the crags on either side of Burn Crooks, and in the puddle 
trench now being excavated in that locality. It is a lustrous, 
black, fine-grained rock, composed of numerous plates of 
purplish augite ophitically enclosing great numbers of small 
laths of plagioclase felUpar. Small crystals of idiomorphic 
magnetite and microporphyritic olivine, the latter usually 
completely altered to brown and green serpentine, are abundant. 
The felspar occurs as small laths ophitically enclosed in the 
augite, or forming a groundmass with magnetite and olivine; 
but there are also a few small phenocrysts, glassy and beauti
fully zonal, in which extinction angles up to 21° were obtained 
in albite twin lamellae. This indicates a composition Ab 1 An 1 — 
an acid labradorite. In the larger crystals well-developed 
pericline lamellation also occurs. The rock is quite holo-
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crystalline, there being no trace of cryptocrystalline or glassy 
matter. It is an olivine, basalt or dolerite closely approaching 
the Jedburgh type of Watts, 2 but the structure is thoroughly 
ophitic, not subophitic. The felspars are of a comparatively 
acid variety. This is characteristic of many types of Scottish 
Carboniferous lavas, including the mugearites and Markle 
basalts. 

Quite a distinct variety of this rock occurs in a deep bore on 
the site of the trench, at a depth of 144 feet. In this variety 
the main mass of the rock consists of crowded felspar laths, 
between which are wedged rows of small granules of augite and 
magnetite, usually single, like strings of beads. Ophitic 
structure is entirely absent. Olivine occurs as small micro-
porphyritic crystals, usually completely serpentinised. There 
are one or two porphyritic felspars containing inclusions of 
augite and magnetite. The specific gravity of this variety is 
2'87, whilst that of the ophitic variety above described is 2*88. 

As described in the former part of this paper, a band of 
soft, decomposed, vesicular rock occurs in the trench, which is 
believed to mark the site of a Carboniferous fumarole. In 
thin section, whilst the structure remains essentially the same 
as that of the fresh rock, alf the minerals have undergone an 
extreme alteration, and amygdules of calcite and " green 
earth " have been introduced. The felspars, although retain
ing their forms, are thoroughly kaolinised, but the femic 
minerals, with the exception of magnetite, have entirely dis
appeared, leaving an aggregate of calcite and secondary 
magnetite. In another slide the magnetite occurs abundantly 
in small granules, so closely crowded together that it forms 
almost a continuous groundmass. The rock is thoroughly 
vesicular, the cavities being filled with calcite and the soft, 
amorphous, secondary products usually included under the term 
" green earth.'' The change from fresh olivine basalt to this 
intensely altered rock takes place quite gradually, although 
within a short distance. It is just such an alteration as might 
be expected to take place in the vicinity of a fissure from which 
steam and heated waters were issuing. 

The lava plug of the Gathythirsty neck on Quinloch Muir is 
2 I n Sir A. Geikie's " Ancient Volcanoes of Great Britain," vol. i., p . 418. 
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composed of long, lathy felspars showing fluidal structure, to a 
large extent enclosed in small, elongated plates of slightly 
pleochroic purple augite. Magnetite is abundant in small, 
irregular granules, for the most part enclosed in felspars. 
Olivine occurs in sparse microporphyritic crystals, idiomorphic, 
and completely serpentinised. A few fairly large porphyritic 
felspars occur. The maximum extinction angle obtainable in 
albite twin lamellae is as low as 10£°, indicating a composition 
Ab 2 Anx—andesine. Under a high-power objective the rock is 
seen to be charged with numerous minute, highly refractive 
needles, probably of apatite. The specific gravity is 2*80. 
The neighbouring neck, a little to the east of Cathythirsty, is 
composed of a very similar rock. It is, however, much fresher 
than the Cathythirsty plug. The olivines are quite fresh, or 
at most with incipient serpentinisation. The felspars of the 
groundmass do not show fluidal structure. There are a few 
squarish microporphyritic sections of glassy plagioclase, some
times untwinned and then finely zoned. 3 The maximum 
extinction angle obtainable is 16£°, indicating an andesine of 
composition Ab 5 An 3. The rock is an ophitic olivine basalt 
approaching the Jedburgh type. 

The intrusion into the agglomerate of the Little Caldon neck 
is of the same type as the two preceding rocks, but differs 
slightly in not being quite holocrystalline. It contains a fair 
amount of a brownish glassy material in the groundmass, filling 
the interstices between the other constituents. This rock has 
been analysed by E. G. Eadley, of the Geological Survey. 4 Its 
specific gravity is 2*895. 

III. THE LAVAS OP AUCHINEDEN HILL. 

From the base, near the Whangie, at the north-western 
extremity of the hill, to the last well-preserved terrace at 
Auchineden Wood, there are fourteen distinct flows, which have 
been numbered Al to Al4 in ascending order. Excluding A8, 
a sudden thick intercalation between A7 and A9 cut through 
by the new road, and which does not appear in the direct 
traverse, there is a distinct but slight increase of basicity from 

8 Sections parallel to 010. Idding's " Rock Minerals " (1906), p. 229. 
4 Sumra. Prog. Geol. Sur. for 1907, p. 55. 
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A l to A14, as evidenced by microscopic examination and by the 
specific g r a v i t i e s — 

Sp. Gr. 
Al9 2*80 
A 8 , 2*83 
(A 8 ) , - - - - - (2-98) 
Afl, 2-84 
A 1 4 , - - - - - 2-86 

Megascopical ly A l to A7 are compact non-porphyritic or spar
ingly porphyritic l a v a s , weathering deeply with a buff or pinkish 
crust . On breaking a large block the fresh rock is bluish in 
colour. A fluidal structure is often apparent on a weathered 
surface. This fact , together with the greasy appearance and 
the prevalent l ight colour, has led to these rocks being termed 
trachytes and andesites. In our field notes, before microscopic 
examinat ion, the rocks were called " blue-hearted t r a c h y t e s . " 

In thin section A l , which is fairly typical of the three lower 
flows, is seen to consist of laths of plagioclase enclosed ophiti-
cally in small p lates of purplish augite. There is also abundant 
granu lar magnet i te and sparse serpentinised olivine. In this 
slide there is one large phenocryst of plagioclase cut exactly 
perpendicular to the albite lamellation, and enclosing a crystal 
of olivine. I t gives an extinction angle of 13° , indicating an 
andesine of composition A b 5 A n 3 . The rock is thus similar to 
the prevai l ing variety in the vents. 

A2 shows olivine altered to a highly pleochroic mineral of 
micaceous habi t (? iddingsite). A3 contains microporphyritic 
felspars crowded with inclusions of magnet i te and augi te , and 
irregular vesicles part ly filled with vermicular " green earth " 
and haematite. On the N. flank of Auchineden Hill an inter
calat ion of a type highly porphyritic with felspar and 
serpentinised olivine occurs between A3 and A4. 

A4, an extensive flow traceable right round the north and 
west sides of the hill, is an intersertal variety , consisting of 
plagioclase laths , with interstit ial granular augite and magne
t i te , sparse porphyritic felspars full of inclusions, and micro
porphyritic olivine. The maximum extinction angle of plagio
clase is 14° . Pericline twinning is fairly abundant . A5 is a 
s imilar rock. A6 and A7 are returns to the ophitic type. 

A8 is an abnormally basic variety intercalated between A7 
and A9 on the S . side of the hill. In hand-specimens it is a 
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dense black rock containing abundant phenocrysts of glassy 
plagioclase and leek-green olivine. Microscopically it is seen 
to consist of an extremely fine-grained and densely crowded 
groundmass of granular augite and magnetite, with much less 
abundant plagioclase. In this are embedded numerous idio-
morphic microporphyritic phenocrysts of glassy plagioclase 
very uniform in size. Finally, there is a much larger, less 
abundant third set of plagioclase phenocrysts, and also large 
porphyritic and serpentinised olivines. The third generation 
of plagioclase phenocrysts is that visible in the hand-specimen. 
Some contain zonally arranged inclusions of groundmass; others 
are corroded by, and contain inlets of, the groundmass. The 
maximum extinction angle is 28°, indicating a medium labra-
dorite of composition Ab 2An 3. This rock corresponds closely 
to the Kippie Law type of Watts. 5 Its occurrence as a sudden, 
short, and thick intercalation, and its abnormally basic com
position render it probable that it is an intrusion belonging to a 
set of similar intrusions which occur on or about the same 
horizon throughout the Kilpatrick Hills. 

A9 is an intersertal variety similar to A4 and A5. A10 
to A13 belong to the ophitic type. A14, whilst generally 
similar to the other intersertal types, presents a somewhat 
different facies owing to the incoming of porphyritic augite. 
The groundmass consists of lathy plagioclase, with granulitic 
augite and magnetite. The phenocrysts, consisting of plagio
clase, olivine, and less abundant augite, are fairly large and 
numerous. The augite is purplish in colour, idiomorphic, and 
zoned by inclusions round the margins. The iron ore in this 
rock is partly titaniferous, as it can be seen in process of 
alteration to leucoxene and sphene. 

I V . THE E . - W . DYKE. 

This is a medium-grained, greyish rock, weathering into 
cuboidal blocks with rounded edges and corners. Micro
scopically it is seen to consist of fairly fresh plagioclase laths 
penetrating a brownish-green serpentinous substance which, no 
doubt, represents original augite. Magnetite is abundant in 
small idiomorphic crystals, and ilmenite in dense, grating-like 

5 Sir A . Geikie, "Anc ient Volcanoes," vol. i. , p. 418. 
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skeletal aggregates of rods, either crossing in two directions at 
right angles or in three, at an angular distance of 120°. A 
dense, brownish, cryptocrystalline substance occupies the inter
spaces, sometimes also quartz. 

This rock is a quartz-diabase of the same type as the other 
E.-W. dykes, and their accompanying protrusions in the Midland 
"Valley of Scotland. 

E X P L A N A T I O N OF P L A T E . 

Fig . 1.—Agglomerate, Litt le Caldon, Stockiemuir. Ord. light, x 11. 
Angular fragments of quartz, with large pieces of vesicular lavas, 

in a paste made up of the minerals usually present in the lavas 
of the district and their alteration products, i.e., plagioclase, 
augite, olivine, serpentine, magnetite, and calcite. Two 
fragments of orthoclase, derived together wi th quartz from the 
adjacent sandstones, can be seen at the top of the field. 

Fig . 2.—Olivine basalt, intrusion in Knockvadie vent, from diamond drill 
boring at depth 144 feet. Ord. light, x 21. 

Microporphyritic plagioclase and olivine (serpentinised) in a 
groundmass of plagioclase, augite, and magnetite. The 
granules of augite and iron ore are wedged between the felspar 
laths in single rows, like strings of beads. This structure is 
wel l seen in the top left-hand corner of the field. 

Fig. 3.—Ophitic olivine basalt, dyke-like protrusion from small "neck ," a 
l i tt le east of Cathythirsty, Drymen road. Ord. light, x 21. 

The field shows plagioclase and augite in ophitic relations, w i th 
small crystals of olivine and magnetite. Olivine can be seen 
at the top right-hand corner of the field, and also enclosed in 
the large plate of ophitic augite below the centre. 

Fig . 4.—Olivine basalt, from a probable intrusion between A 7 and A9 

lavas, road of access to Burn Crooks Waterworks, Auchineden 
Hill . Ord. l ight, x 46. 

A very basic rock consisting of a dense groundmass in which 
augite and iron ores are predominant over the plagioclase. 
Numerous phenocrysts of idiomorphic plagioclase and serpen
tinised olivine, but not augite, are present. 

F ig . 5.—Ophitic olivine basalt, first lava flow, near the " Whangie," 
Auchineden Hill . Ord. l ight, x 21. 

Plagioclase and augite in ophitic relations, wi th numerous small 
crystals of magnetite and serpentinised olivine. Resembles 
Fig. 3 very closely. 

Fig . 6.—Olivine basalt, lava flow No . 14, south-eastern escarpments of 
Auchineden Hill . Ord. light, x 21. 

Dense groundmass of plagioclase (white), iron ores (black), ser
pentinised olivine (cloudy areas), and augite (minute highly-
refracting granules). Phenocrysts of plagioclase and augite. 
This flow is the first of a new set of lavas, in which augite is a 
prominent porphyritic constituent. 
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Micro-photographs of Rocks from the Auchineden District, 
Kilpatrick Hills. 
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